Polyaniline is among a family of conductive polymers, that exhibits properties similar to some metals. Accordingly quantum mechanical calculations have been performed to study the possible polymerization of aniline on the surface of fullerene. Several model molecules representing the polymerization of aniline are studied; polymerization is tested with fullerene and fulleropyrrolidine surfaces. Total dipole moment, ionization potential, molecular weight, molecular dimension and molecular point group for C 60 -aniline and C 60 -pyrrolidine-aniline have been computed with the semiempirical PM3 method. The molecular point group has changed into C1 point group corresponding to C 60 -aniline and C 60 -pyrrolidine-aniline, which reflects a change in the symmetry. Results indicate also that polarization increases the calculated total dipole moment, molecular weight and molecular dimension while ionization potential has slightly decreased. Final heat of formation increases with temperature for both C 60 -aniline and C 60 -pyrrolidine aniline. This reflects the thermal stability of the polymerized aniline on both fullerene and fulleropyrrolidine. Calculated HOMO-LUMO energy indicate that polyaniline which polymerizes on fullerene is the most probable.
INTRODUCTION
Fullerene derivatives were the subject of intensive studies, where a wide variety of those derivatives have been prepared and used in various physical, biological and pharmacological fields [1] [2] [3] [4] . Fulleropyrrolidines are among the most studied fullerene derivatives which have been used for numerous biological applications [5, 6] . Polyaniline uniqueness among the class of conducting polymers is based on its wide range of electrical, electrochemical, electroluminescence, optical and anticorrosion applications. It is characterized also by its good stability [7] [8] [9] [10] . Polyaniline is typically synthesized by the oxidation of aniline monomer either electrochemically [11] ; or chemically [12] [13] [14] . Aniline forms complexes with transition metal ions in the clay minerals interlayer by the coordination of free electron like montmorillonite pair of the amino group to the metal ions [15, 16] . Car-Parrinello ab initio molecular dynamics MD, was used to investigate polyaniline geometries [17] . Furthermore, the polaron lattice and the mechanism of conduction for doped polyaniline were studied by ab initio MO calculations [18] . A scaled quantum mechanical oligomer force field for oligomers of leucoemeraldine base and for one oligomer of the imine form of polyaniline was established [19] . Both vibra-*Address correspondence to this author at the Physics Department, Faculty of Women for Arts, Science, and Education, Ain Shams University, 11757 Cairo, Egypt; Tel: 00201283135136; E-mails: medahmed@yahoo.com, medahmed@hotmail.com tional spectroscopy and ab initio calculations were used to study the adsorption and polymerization of aniline on Cu(II) montmorillonite [20] . Further vibrational assignment for polyaniline emeraldine base was achieved with FTIR; semiempirical; HF and DFT calculations [21] . Recently polyaniline/silica gel composites were prepared by in situ fast polymerization method. The structural characteristics, morphological information of as-prepared polymers were discussed [22] . A study was carried out on the biocompatibility of polyaniline and polyaniline silver coated polyurethane composite. It is stated that, coating polyurethane with polyaniline and polyaniline silver renders the surface conductive [23] . Glucose oxidase (GOx) was self-encapsulated within polyaniline and polypyrrole. Applicability of enzymatically synthesized polyaniline and polypyrrole was evaluated [24] . Recently it is also found that, polyaniline after doping with heavy metals like Cu and Zn furnish as a good surface for adsorption process. Accordingly the adsorption behaviors of Sodium Dodecyl Benzene Sulfonate onto polyaniline were studied [25] .
This work has been conducted to study the possible polymerization of aniline on the surface of fullerenes. First the polymerization was tried onto the surface directly; then another attempt was made to perform polymerization through pyrrolidine ring attached with fullerene surface. Semiempirical quantum mechanical calculations were utilized to verify this assumption. For comparison B3LYP/6-31g** as well as experimental results are utilized.
MATERIAL AND METHODS

Polymerization of Aniline
For comparison purpose aniline is prepared by adsorption upon Cu(II)-montmorillonite [20, 21] . Batch adsorption experiments in the presence of oxygen were performed to study the interlayer reactions of aniline on Cu(II)-montmorillonite in aqueous solutions. At concentrations below a critical value of CC = 2.6 mmol dm -3 only a coloured Cu(II)-aniline complex is formed, characterized by a stability constant of log (Kass /dm3mol-1) = 1.5. At concentrations beyond CC aniline polymerizes yielding a dark brown product.
Calculation Details
In order to build the model molecules aniline monomer is attached to fullerene; fulleropyrrolidine surface respectively. Aniline is further attached with other aniline up to 4 units through hydrogen bonding. Accordingly 8 model molecules are constructed in addition to aniline; fullerene and fulleropyrrolidine.
Calculations were carried out on a personal computer. The geometry of the polymerization of aniline upon the surface of fullerene and fulleropyrrolidine were optimized by performing PM3 semiempirical quantum mechanics calculation using a MOPAC 2002 package which was implemented within the CAChe Program [26] . Some physical parameters like total dipole moment; ionization potential and HOMO-LUMO energies were calculated at the same level of theory. For comparison polyaniline is re-calculated using the Gaussian 03 program system [27] . Geometries were optimized using density functional theory DFT, hybrid Becke 3-LeeYang-Parr (B3LYP) exchange correlation functional [28] [29] [30] with 6-31g** basis set. Vibrational spectrum was calculated at the same level of theory.
RESULTS AND DISCUSSION
The polymerization of aniline in aqueous solution was already studied early on 1994 [31] . Tochima et al. found that, aniline is oxidized by oxygen and subsequently polymerizes radically. The polymerization process is carried out upon a surface which is tried in this work as fullerene. Aniline monomer is attached to fullerene surface close to carbon atom no 22 (C 22 ), then attached to other aniline units as dimmer, trimmer and emeraldine base (4 units). At each step the geometry is optimized then vibrational spectrum is calculated to ensure that the obtained structure is real and not a transition state ones. Another attempt was tried via pyrrolidine ring in order to check the possible polymerization of aniline upon fulleropyrrolidine. The change in geometrical; physical and vibrational characteristics will be followed through C 22 as well as its surrounding atoms. Fig. (1) presents the general formular structure for fullerene; fulleropyrrolidine, and the base form of polyaniline emeraldin base. Table 1 represents the net charge distribution for C 60 -aniline and C 60 -pyrrolidine -aniline in the position of C 22 and C 55 . As seen from the table the charge increases by the polymerization of aniline upon the surface of fullerene and fulleropyrrolidine. Table 2 presents some important physical parameters which were calculated with PM3. As seen in Table 2 the molecular weight of optimized C 60 is 720.660 increased ongoing from C 60 -monomer towards C 60 -polyaniline. In the case of C 60 -pyrrolidine-aniline the molecular weight is also increasing from C 60 -pyrrolidine -monomer to C 60 -pyrrolidine -polyaniline but it is higher than C 60 -aniline. The molecular dimension is slightly increasing from 7.09226 Ǻ in case of C 60 to 9.89354 Ǻ in case of C 60 -pyrrolidine. In both cases, C 60 and C 60 -pyrrolidine, the molecular dimension has increased by going from aniline monomer to polyaniline and is still higher in the case of C 60 -pyrrolidine -aniline. Table 3 represents the calculated, final heat of formation (HF), enthalpy (En), heat capacity (HC), entropy (Et), free energy (FE) and band gap energy (ΔE) at 298 k using PM3 method. Band gap energy (ΔE) is calculated as the difference between highest occupied molecular orbital HOMO; and lowest unoccupied molecular orbital LUMO. From the table it is clear that ΔE decreases by increasing the polymerization of C 60 -aniline and C 60 -pyrrolidine -aniline. Adding the pyrrolidine to C 60 decreases the value of the band gap energy. Final heat of formation of C 60 has changed from 12434.0 to 799.62 Kcal/mol by adding the pyrrolidine. Final heat of formation deceases from 12434.0 Kcal/mol corresponding to C 60 to 835.150 Kcal/mol which corresponds to C 60 -monomer. Heat of formation increases by going from C 60 -monomer to C 60 -polyaniline in both cases of C 60 -aniline and of C 60 -pyr-aniline. Enthalpy increases from 104.8 cal/mol corresponding to C 60 to 14440.811 cal/mol corresponding to C 60 -pyr. Enthalpy increases by going from C 60 -monomer to C 60 -polyaniline but it has higher value in the case of C 60 -pyr-aniline compared to C 60 -aniline. Heat capacity decreases from 124.7 cal/mol/Kelvin in case of C 60 to 118.485 cal/mol/k for C 60 -pyr. Heat capacity increases by going from C 60 -monomer to C 60 -polyaniline in both cases of C 60 -aniline and of C 60 -pyr-aniline and it has higher value in the case of C 60 -pyr-aniline than C 60 -aniline. EnThe molecular point group has changed from Ih to C1 point group corresponding to C 60 -aniline. A decrease in ionization potential goes from C 60 -aniline monomer toward C 60 -polyaniline. The same behavior has been observed in the case of C 60 -pyrrolidine -aniline. The total dipole moment has increased from 0.000 to 2.710 debeye corresponding to C 60 -pyrrolidine. The possible change in the partial charge distribution leads to an increase in the total dipole moment of C 60 -aniline and C 60 -pyrrolidine -aniline by going from C 60 -aniline monomer towards C 60 -polyaniline and from C 60 -pyrrolidine -aniline monomer towards C 60 -pyrrolidinepolyaniline. tropy decreases from 811.1cal/mol/Kelvin for C 60 to 143.348 cal/mol/Kelvin for C 60 -pyr. Entropy increases by going from C 60 -monomer to C 60 -poly in both cases of C 60 -aniline and C 60 -pyr -aniline. However it has higher value in the case of C 60 -pyr-aniline than C 60 -aniline. Free energy increases by going from C 60 -monomer to C 60 -poly in both cases of C 60 -aniline and C 60 -pyr -aniline but it has lower value in the case of C 60 -pyr-aniline than C 60 -aniline. Table 4 represents the calculated, heat of formation (HF) entropy (Et), enthalpy (En), heat capacity (HC) and free energy (FE) using PM3 method at different temperatures for C 60 -pyr-polyaniline. From the table we notice that all these parameters increase with increasing temperature except for free energy which decreases with increasing temperature. Still the values of heat of formation, entropy, enthalpy, and heat capacity of C 60 -pyr -aniline are higher than C 60 -aniline but the opposite side saw for free energy. The same behaviour observed in the case of C 60 -aniline as shown in Table 5 .
The calculated vibrational spectra provide clear verification for the structural parameters. The calculated spectra of C 60 -aniline as compared with C 60 are shown in Fig. (2) . The characteristic spectrum of C 60 has been discussed in our previous work [32, 33] . The spectrum of C 60 shows sharp spectral bands as a result of the highly symmetric structure of C 60 . As a result of polymerization fullerenes showed the four characteristic bands remaining unchanged but broadened as a result of changing the molecular symmetry. The same behaviour is observed in the calculated spectra of C 60 -pyr -aniline as compared with C 60 as seen in Fig. (3) . In fact, the assignment of such structure needs higher level of theory. Polyaniline is calculated at B3LYP/6-31g (d,p). Table 6 presents the experimental vibrational spectrum of aniline in liquid phase. The spectrum of aniline can be assigned as: NH 2 bending or scissors mode which is attributed to 1626 cm -1 , Fig. (2) . PM3 calculated vibrational spectra for fullerene; fullerene-aniline monomer (C 60 -Mon ); fullerene-aniline dimmer (C 60 -Dim ); fullerene-aniline trimmer (C 60 -Trim ) and fullerene-polyaniline (C 60 -Poly ). and a ring stretching with a contribution of the NH 2 scissoring band at 1604 cm -1 . A band at 1497 cm -1 is characterized as typical ring stretching. The mode at 1264 cm -1 is assigned as partly to C-N stretching and partly to the ring stretching vibration. Comparing between both calculated and experimental frequencies indicates that results of B3LYP/6-31G(d,p) are in good agreement with the experimental one. The optimized calculated polyaniline at this level of theory is indicated in Fig. (1-c) . PM3 vibrations are not as accurate as B3LYP/6-31G(d,p) however but it gives satisfactory vibrational frequencies of the studied polyaniline.
CONCLUSION
It is worth to mention that fullerene can exist in both gaseous as well as solid phases. Fulleropyrrolidine could be found only in the liquid phase. Accordingly we try to test the polymerization of aniline in solid phase through fullerene and in liquid phase through fulleropyrrolidine. well as fulleropyrrolidine could be a good surface for the process of polymerization of aniline. The polymerized aniline is thermally stable in terms of the PM3 calculated parameters. The band gap energy based upon HOMO/LUMO indicate that lower energy was achieved in case of fullerene (4.173 eV) while it was slightly higher for fulleropyrrolidine. (4.945eV). Supporting the assumption that fullerene in the solid phase is more likely to be used as a surface for polymerization of aniline. 
